], giving rise to corrugated supramolecular planes. The isoxazole rings are packed in a slip-stacked fashion, with centroid-to-centroid distances of 4.0652 (1) Å for (1) (along the b-axis direction) and of 4.5379 (Å ) for (2) (along the a-axis direction).
Chemical context
The five-membered, heterocyclic isoxazole moiety forms the basis for a number of medical and agricultural products, as well as energetic materials (Galenko et al., 2015; Sausa et al., 2017; Wingard et al., 2017a,b; Sysak & Obmiń ska-Mrukowicz, 2017) . Its versatility stems from the electronegative oxygen and nitrogen atoms, which provide the ring nucleophilic activity, and its three carbon atoms, which afford the addition of a variety of functional groups. The title compounds 5,5 0 -bis(hydroxymethyl)-3,3 0 -biisoxazole (1) and 4,4 0 ,5,5 0 -tetrakis-(hydroxymethyl)-3,3 0 -biisoxazole (2) exhibit two isoxazole rings, each attached with one or two hydroxymethy groups. These compounds have been synthesized recently in our laboratory as useful precursors to a new class of energetic materials. The addition of nitric acid to the title compounds results in nitrate esterification, yielding the energetic materials biisoxazolebis(methylene dinitrate) (3) and biisoxazoletetrakis(methyl nitrate) (4), where a nitrate functional group replaces the hydrogen atom in the hydroxyl groups (Wingard et al., 2017a,b) . These derivative compounds are potential energetic plasticizing ingredients in nitrocellulose or meltcastable formulations because the rings present Lewis-base behavior towards electrophilic nitrocellulose and the alkyl nitric esters afford miscibility and compatibility with conventional energetic plasticizers. 
Structural commentary
The title compounds exhibit molecular structures typical of biisoxazole derivatives. Fig. 1 reveals that the isoxazole rings of (1) exhibit a trans planar configuration [r.m.s deviation = 0.0009 (1) Å ], suggesting a delocalized aromatic system. The C4 atom is nearly coplanar with the ring (atom-to-mean plane distance = 0.006 Å ), whereas the C4-O2 bond is twisted slightly out of the plane, as evidenced by the torsion angles C2-C1-C4-O2 = À13.3 (2) and O1-C1-C4-O2 = 167.55 (11) . Atoms C1/C4/O2 form a plane that subtends a dihedral angle of 12.72 (1) with respect to the isoxazole ring. Similarly, the isoxazole rings of (2) are nearly planar [r.m.s deviation = 0.002 (1) Å ]; however, the corresponding O2-C4 bond is twisted more out of plane than that of compound (1), as evidenced by the magnitude of the torsion angle O2-C4-C1-O1 = À54. 93 (11) . For comparison, the torsion angle formed by atoms O3-C5-C2-C1 is À110.02 (11) . The atoms O2/C4/C1 and O3/C5/C2 form planes subtending dihedral angles of 53.78 (8) and 69.37 (7) with respect to the isoxazole ring. Superimposition of the ring atoms of both structures (see Fig. 2 ) yields an r.m.s. deviation of 0.01 Å . Finally, compound (2) exhibits a weak intramolecular interaction involving atoms O3-H3A and N1
iii [see Table 2 for the geometrical parameters; symmetry code: (iii) = Àx + 2, Ày + 1, Àz + 1.]
Supramolecular features
Intermolecular hydrogen bonding plays a key role in the stabilization of the crystal structures of the title compounds. Figs. 3 and 4 show the packing of (1) and (2), respectively, and Tables 1 and 2 Figure 2 An overlay of the asymmetric units of compounds (1) and (2), depicted in red and green, respectively.
Figure 1
Molecular conformation and atom-numbering scheme of compounds (1) and (2). Non-labeled atoms of both structures are generated by inversion (Àx + 2, Ày + 1, Àz + 1). Non-hydrogen atoms are shown as 50% probability displacement ellipsoids. Table 1 Hydrogen-bond geometry (Å , ) for (I). Table 2 Hydrogen-bond geometry (Å , ) for (II). 
donor and acceptor [see Table 2 . In this way, each molecule forms eight hydrogen bonds with the four closest surrounding analogues, giving rise to corrugated planes parallel to (102).
The crystal structure of (1) reveals a slip-stacked geometry of the rings in the b-axis direction, with centroid-to-centroid distances of 4.0652 (1) Å and plane-to-plane shifts of 2.256 (2) Å . In contrast, in compound (2) the rings are stacked along the a-axis direction, with centroid-to-centroid distances of 4.5379 (4) Å and plane-to-plane shifts of 2.683 (2) Å .
Database survey
A search of the Cambridge Structural Database (CSD web interface, December 2017; Groom et al., 2016) and the Crystallography Open Database (Gražulis et al., 2009) (1) and (2), respectively, with the hydrogen atoms in the OH groups replaced by NO 2 moieties. A superimposition of the respective isoxazole rings of compound (1) and (3) yields an r.m.s. deviation of 0.004 Å (Fig. 5A) . In both molecules, the rings adopt a trans conformations; however, in (1) the O1 and O2 atoms are in a trans conformation with respect to the C1-C4 bond, whereas in (3) the corresponding O atoms are in a cis conformation. In (1), the plane encompassing the atoms O2, C4, and C1 forms a dihedral angle of 12.72 (1) with respect to the mean plane of the isoxazole ring, in contrast to a value of 66.8 (2) in (3) for the corresponding atoms. A similar comparison between (2) and (4) yields an r.m.s. deviation of 0.01 Å for the superimposition of the isoxazole rings, and dihedral angles of 53.78 (8) and 69.37 (7) for (2) (planes formed by the atoms O2/C4/C1 and O3/C5/C2, respectively) compared to those of 84.54 (14) and 84.81 (18) or 79.19 (15) and 82.32 (17) for (4) (Fig. 5B) . The most striking supramolecular difference between the title compounds and (3) and (4) is that the former exhibit hydrogen bonding, which contributes to the stability of their crystal structure.
Synthesis and crystallization
The synthesis of the title compounds has been reported recently (Wingard et al., 2017a,b) . Briefly, they were prepared by [3 + 2] cycloaddition of dichloroglyoxime and alcohol. In the case of compound (1), a saturated solution of sodium bicarbonate was added to a solution of dichloroglyoxime (30 g), propargyl alcohol (55.2 ml), and methanol (1900 ml) over 6 h. Once the reaction was complete, the product was stirred for an additional 10 h and the remaining solvent evaporated. A yield of 75% was obtained after the product was washed with distilled water, collected by Bü chner filtration, and then dried. Compound (2) was prepared by adding dropwise a dichloroglyoxime and butyl alcohol solution (0.8 M) to a refluxing solution comprising NaHCO 3 (6.7 g), 2-butyne-1,4-diol (13.72 g), and butyl alcohol (200 ml). Once the reaction was complete, the product was cooled to room temperature and the remaining solvent evaporated. Then, the product was washed with distilled water, filtered, and dried, resulting in a yield of 68%. Slow solvent evaporation of the title compounds in methanol yielded suitable single crystals for the X-ray diffraction experiments at 150K. We note the title compounds have nearly the same density (1.596 vs 1.597 Mg m À3 ), given that their molecular mass and cell constants are quite different. Fig. 6 shows the FTIR spectra of (1) and (2) recorded with a Nicolet iS50 spectrophotometer, using attenuated total reflectance. The intense peak frequencies (cm
À1
) are listed as follows: Compound (1): 3371. 83, 3126.65, 1596 83, 3126.65, .96, 1415 83, 3126.65, .14, 1360 83, 3126.65, .62, 1268 83, 3126.65, .13, 1237 83, 3126.65, .16, 1080 83, 3126.65, .70, 1058 83, 3126.65, .61, 1026 83, 3126.65, .40, 993.24, 929.53, 901.95, 828.87, 746.83, 653.69, 621.96, and 424.11. Compound (2): 3234.89, 1623 83, 3126.65, .59, 1456 83, 3126.65, .55, 1418 83, 3126.65, .41, 1354 83, 3126.65, .66, 1261 83, 3126.65, .30, 1185 83, 3126.65, .44, 1128 83, 3126.65, .41, 1046 83, 3126.65, .52, 1011 
Refinement
Crystal data, data collection, structure solution and refinement details are summarized in Table 3 . The hydrogen atoms for compound (1) were refined using a riding model with C-H = 0.93 or 0.98 Å and U iso (H) = 1.2U eq (C) and O-H = 0.74-0.85 Å and U iso (H) = 1.5U eq (O), whereas for compound (2) all the hydrogen atoms were refined independently including isotropic displacement parameters. Figure 6 FTIR spectra of the title compounds. Overlays of the asymmetric units of (1) and (3) (A) and (2) and (4) 
Computing details
Data collection: CrysAlis PRO (Rigaku OD, 2015) for (1); APEX2 (Bruker, 2010) for (2). Cell refinement: CrysAlis PRO (Rigaku OD, 2015) for (1); SAINT (Bruker, 2010) for (2). Data reduction: CrysAlis PRO (Rigaku OD, 2015) for (1);
SAINT (Bruker, 2010) for (2). Program(s) used to solve structure: SHELXT (Sheldrick, 2015a) for (1); SHELXS97 (Sheldrick, 2008) for (2). Program(s) used to refine structure: SHELXL (Sheldrick, 2015b) for (1); SHELXL2014 (Sheldrick, 2015b) for (2). Molecular graphics: OLEX2 (Dolomanov et al., 2009) for (1); XSHELL (Bruker, 2010) for (2).
Software used to prepare material for publication: Mercury (Macrae et al., 2008) for (1); PLATON (Spek, 2009 ) for (2).
5,5′-Dihydroxymethyl-3,3′-biisoxazole (1)
Crystal data Extinction coefficient: 0.041 (8)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x+2, −y+1, −z+1; (ii) −x+1, y+1/2, −z+1/2; (iii) x+1, −y+1/2, z+1/2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
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